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POST CMP PRECURSOR TREATMENT 

FIELD OF THE INVENTION 

The present invention relates generally to Semiconductor 
fabrication and, in particular to Systems and methods of 
forming a Smooth Surface and removing the micro-Scratches 
created during the CMP process. 

BACKGROUND OF THE INVENTION 

There is a continuous desire to increase the Storage 
capacity of Semiconductors, as computers are consistently 
becoming more powerful and new and improved electronic 
devices are continually developed (e.g., digital audio play 
ers, Video players). Such growth and development has vastly 
increased the amount of information desired/required to be 
Stored in the Semiconductor chip or the integrated circuit and 
its memory cells. 
A relatively recent type of memory cell is an organic 

based memory cell. Organic memory cells are at least partly 
based on organic materials and, are thus able to overcome 
Some of the limitations of inorganic based memory cells. 
Organic memory cells facilitate increases in device density 
while also increasing device performance relative to con 
ventional inorganic memory cell. Additionally, organic 
memory cells are non-volatile and, as Such, do not require 
frequent refresh cycles or constant power. The cells of the 
organic memory cell can have two or more States corre 
sponding to various levels of impedance. These States are Set 
by applying a bias Voltage and then the cells remain in their 
respective states until another voltage, in reverse bias, is 
applied. The cells maintain their states with or without 
power (e.g., non-volatile) and can be read either electrically 
or optically by measuring injection current or light emission, 
for example. 

Typically, these multiple layered memory cells can be 
formed with difficulty, unless the Substrate topography is 
planarized in an early stage of the manufacturing process. 
Put differently, the substrate topography should be as close 
to a planar and Smooth Surface as possible. Problems arise 
when micro Scratches that adversely affect Surface Smooth 
neSS are formed during the chemical mechanical polishing 
process (CMP) step of the semiconductor fabrication. 

In general, fabricating an integrated circuit (IC) includes 
Sequentially depositing conducting, Semi conducting and/or 
insulating layerS on a Silicon wafer, wherein portions of the 
conductive metal remaining between the raised patterns of 
an insulating layer can form Vias, plugs and/or lines that are 
filled with a conducting metal. One Step in the fabrication 
process is the CMP. 

Typically, the CMP process involves holding a thin flat 
wafer against a rotating wetted polishing Surface under a 
controlled downward pressure. A polishing Slurry, Such as a 
Solution of alumina or Silica, may be used as the abrasive 
medium. A rotating polishing head or wafer carrier is 
generally employed to hold the wafer under controlled 
preSSure against a rotating polishing platen. The polishing 
platen is typically covered with a relatively Soft wetted pad 
material Such as a blown polyurethane. 

The mechanics of metal CMP include chemically forming 
an oxide of the metal on the metal film Surface on the wafer. 
The oxide is then removed mechanically Via, for example, 
abrasives in the slurry. The mechanics of other CMP (e.g., 
polysilicon polish, dielectric polish) Similarly involve a 
chemical reaction followed by a mechanical removal of 
reaction products. 
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2 
The polishing pad facilitates removing reaction products 

at the wafer interface to facilitate layer thickness production. 
For example, CMP processes can be employed to remove 
around 0.5 to 1.0 um of material. The polishing pads may 
vary, for example, in hardneSS and density. For example, 
pads can be relatively stiff or relatively flexible. A less stiff 
pad will conform more easily to the topography of a wafer 
and thus while reducing planarity may facilitate faster 
removal of material in down areas. Conversely, a Stiffer pad 
may produce better planarity but may result in Slower 
removal in down areas. 
Some goals of CMP include achieving general planarity 

acroSS a wafer, creating a desired film thickness uniformity, 
removing chemical reaction products and/or layers at a 
desired rate and achieving desired Selectivity and/or end 
point. The achievement of these goals partly depend upon, 
the concentration of Solids in the Slurry (e.g. the number and 
Size of abrasive particles Suspended in the slurry), the 
chemical composition of the slurry (e.g. the pH of the slurry 
and/or the presence of acids or bases added to the Slurry to 
facilitate chemical reactions associated with CMP process 
ing), the distribution of the slurry, the degree of contact 
between one or more polishing pads, polishing pad attributes 
(e.g. porosity, density, flexibility), the rate at which slurry is 
fed onto polishing pads and/or the wafer and the Size, 
number and arrangement of grooves machined into the bulk 
Silicon wafer to channel Slurry about the entire wafer Sur 
face. The degree of wafer-pad contact can, for example, 
affect the uniformity of slurry as polishing pads rotate and 
move relative to the wafer, thus, pushing Slurry around on 
the wafer. 
The rate at which CMP progresses may also vary depend 

ing on parameters of the Slurry employed. Slurries may 
consist, for example, of Small abrasive particles Suspended 
in a Solution (e.g., aqueous Solution). Acids or bases can be 
added to Such Solutions to facilitate, for example, the oxi 
dation of the metal on the wafer and/or other chemical 
reactions involved in other non-metal CMP processes. 
Slurry parameters that can impact polishing rates include, 
for example, the chemical composition of the Slurry, the 
concentration of Solids in the Slurry, the Solid particles in the 
slurry and the temperature of the wafer to which the slurry 
is applied. 
A particular problem encountered in the CMP process is 

that micro Scratches can be formed on the polished Surface. 
These micro Scratches may be damaging to the inter-con 
nection levels formed using the damascene technique, for 
example because the metal layer that is deposited on the 
Surface will become trapped in the Scratch, thus causing 
short failure of the IC chip. Also, these micro-structure 
irregularities adversely affect the Smoothness and planarity 
of the Substrate layer upon which memory cells are to be 
Subsequently formed. Accordingly, there exists a need in the 
art to provide an inexpensive, reliable way to remove 
scratches formed in the substrate layer that form the base the 
memory cells. 
At the same time, formation of the memory cell electrodes 

and the memory cell's Substrate layer (e.g. Cu/Cu2S Sub 
Strate) via conventional Semiconductor fabrication processes 
can be problematic, Since they typically involve high tem 
perature and/or electroplating. These high temperatures, 
particularly for Some chemistries can adversely affect the 
Semiconductor manufacturing process. Likewise, employing 
technologies Such as electroplating also poses a significant 
risk of damaging previously formed components. Thus, 
there is also a need to form the memory cell electrodes and 
the Substrate layer with a more reliable process. 
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SUMMARY OF THE INVENTION 

The following presents a simplified Summary of the 
invention in order to provide a basic understanding of one or 
more aspects of the invention. This Summary is not an 
extensive overview of the invention. It is intended to neither 
identify key or critical elements of the invention, nor to 
delineate the Scope of the present invention. Rather, the Sole 
purpose of this Summary is to present Some concepts of the 
invention in a simplified form as a prelude to the more 
detailed description that is presented hereinafter. 

The invention provides for a System and method for a post 
CMP precursor treatment as to create a polished surface with 
a Smooth texture on a Substrate layer. This Substrate layer 
can typically act as the base of an organic memory cell 
Subsequently created thereupon. According to one aspect of 
the invention, the surface of the wafer is initially subject to 
a CMP process. The post CMP Surface of the wafer is then 
exposed to an inorganic acid, Such as for example an H2S, 
HNOHPO, HCL, or the like. Exposure to the acid can 
create depressions on the Surface, for example in the form of 
shallow trenches, Voids, Surface irregularities and the like, 
which can penetrate through the Surface oxide layer as well 
as part of the under lying conductive material, e.g. through 
the underlying copper. The exposure to the acid may occur 
in cycles or in one Stage. In addition, the exposure time to 
the acid, concentration, and type of acid will in part depend 
on the desired pattern of the Surface depressions and the type 
of memory Structure that is Subsequently formed on the layer 
being treated according to the present invention. 

Next, the empty Space in the depression is employed for 
forming a passive layer, (e.g. Cu2S). To facilitate the growth, 
HS is brought into contact with the depression thus formed 
on the Surface. This passive layer is created Such that its 
rough Surface crest protrudes out of the Surface depression 
and extends beyond the level of the initial post CMP Surface. 
The passive layer(s) will typically form the substrate layer 
for the organic memory cells later created thereupon. In 
general, Such memory cells are composed of organic mate 
rial Such as polymers, which are formed within an Inner 
Layer Dielectric (ILD) of an organic Semiconductor memory 
device. Such structures are formed over a passive layer, 
which in turn is formed over a conductive material Such as 
copper. This copper layer can form the lower electrode of the 
memory cell, Subject to a CMP proceSS and the post treat 
ment according to one aspect of the present invention. 

Subsequently, an organic acid is brought into contact with 
the Surface of the passive layer, e.g. the Cu2S layer, as to 
flatten and etch its rough crest protrusion to a desired level. 
The organic acid can be a tartaric acid, ascorbic acid, 
Succinic acid, fumaric acid, formic acid, citric acid, oxalic 
acid, malic acid, propionic acid, pyruvic acid or the like. 
The acid exposure process Smoothens the Surface of the 

passive layer and typically facilitates the formation of the 
organic memory cell Structure. In one aspect according to 
the present invention, the passive layer to be leveled to the 
desired level is a Cu/CuS layer that has been platted via an 
electroleSS deposition reaction. The electroless plating pro 
ceSS operates at relatively low temperatures, without 
employing electrical currents, and creates various conduc 
tive layers, Such as electrodes and the like, from conductive 
materials. The process includes depositing an activation 
compound on Selected areas and thereafter applying a 
chemical Solution, which contains a reducing agent and 
metalions. A chemical reaction occurs that reduces the metal 
ions and thereby plats the metal ions as to form a conductive 
layer. 
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4 
In another aspect according to the invention, the passive 

layer can be a copper oxide (CuO/CuO), manganese oxide 
(MnO), titanium dioxide (TiO), indium oxide (IO) silver 
Sulfide (AgS, AgS), iron oxide (Fe-O), and the like. 
To the accomplishment of the foregoing and related ends, 

the invention, then, comprises the features hereinafter fully 
described. The following description and the annexed draw 
ings Set forth in detail certain illustrative aspects of the 
invention. However, these aspects are indicative of but a few 
of the various ways in which the principles of the invention 
may be employed. Other aspects, advantages and novel 
features of the invention will become apparent from the 
following detailed description of the invention when con 
sidered in conjunction with the drawings. To facilitate the 
reading of the drawings, Some of the drawings may not have 
been drawn to Scale from one figure to another or within a 
given figure. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective of an organic memory device in 
accordance with an aspect of the present invention. 

FIG. 2 is a block diagram of a passive layer that can be 
employed in an organic memory device in accordance with 
an aspect of the present invention. 

FIG. 3 is a block diagram illustrating an organic polymer 
layer formed by a CVD proceSS in accordance with an aspect 
of the present invention. 

FIG. 4 is a block diagram illustrating another organic 
polymer layer formed by a CVD process in accordance with 
an aspect of the present invention. 

FIG. 5 is a block diagram of yet another organic polymer 
layer formed by a CVD proceSS in accordance with an aspect 
of the present invention. 

FIG. 6 is a graph depicting the effect of an intrinsic 
electric field on an interface between a passive layer and an 
organic polymer layer in accordance with an aspect of the 
present invention. 

FIG. 7 is a graph illustrating charge carrier distribution of 
an exemplary memory cell in accordance with an aspect of 
the present invention. 

FIG. 8 is a graph illustrating charge carrier distribution of 
an exemplary memory cell in accordance with an aspect of 
the present invention. 

FIG. 9 is a graph illustrating charge carrier distribution of 
an exemplary memory cell in accordance with an aspect of 
the present invention. 

FIG. 10 is a graph illustrating charge carrier distribution 
of an exemplary memory cell in accordance with an aspect 
of the present invention. 

FIG. 11 is a graph illustrating charge carrier concentration 
at the interface of an exemplary memory cell in accordance 
with an aspect of the present invention. 

FIG. 12 is a graph illustrating charge carrier concentration 
at the interface of an exemplary memory cell in accordance 
with an aspect of the present invention. 

FIG. 13 is a block diagram depicting an organic memory 
device in various States in accordance with an aspect of the 
present invention. 

FIG. 14 is a graph illustrating I-V characteristics for an 
organic memory device in accordance with an aspect of the 
present invention. 

FIG. 15 is a three dimensional view of an organic memory 
device in accordance with an aspect of the present invention. 

FIG. 16 illustrates a representative schematic of a wafer 
undergoing CMP processing in accordance with one or more 
aspects of the present invention. 
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FIG. 17 illustrates a representative schematic of a wafer 
surface after the completion of the CMP in accordance with 
an aspect of the present invention. 

FIG. 18(a) through 18(f) illustrate schematic diagrams of 
the post CMP wafer surface treatment methodology accord 
ing to one aspect of the present invention. 

FIG. 19 illustrates a flowchart of a post CMP wafer 
Surface methodology according to one aspect of the present 
invention. 

FIG. 20 illustrates a block diagram of an electroless 
proceSS in accordance with an aspect of the present inven 
tion. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The various aspects of the present invention will now be 
described with reference to the drawings, wherein like 
reference numerals are used to refer to like elements 
throughout. The invention provides for a System and method 
for a post CMP precursor treatment that creates a smooth 
and well polished Surface for the formation of organic 
memory cells. 

Such cells of an organic memory device are operative to 
be of two or more States corresponding to various levels of 
impedance. These States are Set by applying a bias Voltage 
and then the cells remain in their respective States until 
another Voltage, in reverse bias, is applied. The cells main 
tain their States with or without power (e.g., non-volatile) 
and can be read either electrically or optically by measuring 
injection current or light emission. The organic memory 
device of the present invention facilitates increases in device 
density whilst also increasing device performance relative to 
conventional inorganic memory device. 

Additionally, the organic memory device as formed on a 
Smooth Surface according to the present invention, employs 
electronic stimulation (e.g., flow of electrons and holes) 
instead of ions and/or electric fields. Thus, the organic 
memory device can have better performance and/or a 
quicker response to changes in Stimuli as compared to other 
types of memory devices. 

Referring to FIG. 1, a perspective of an organic memory 
device in accordance with an aspect of the present invention 
is depicted. The memory device includes a first electrode 
104, a passive layer 106, an organic polymer layer 108, and 
a second electrode 110. The diagram also illustrates a 
voltage source 102 connected to the first electrode 104 and 
the second electrode 110 that applies a voltage on the first 
electrode 104 and the second electrode 110. 

The first electrode 104 and the second electrode 110 are 
comprised of a conductive material Such as, aluminum, 
chromium, copper, germanium, gold, magnesium, manga 
nese, indium, iron, nickel, palladium, platinum, Silver, tita 
nium, Zinc, alloys thereof, indium-tin oxide, polysilicon, 
doped amorphous Silicon, metal Silicides, and the like. 
Exemplary alloys that can be utilized for the conductive 
material include Hastelloy(R), Kovar(R), Invar, Monel(R), 
Inconel(R), brass, Stainless Steel, magnesium-silver alloy, and 
various other alloys. 

The thickness of the first electrode 104 and the second 
electrode 110 can vary depending on the implementation and 
the memory device being constructed. However, Some 
exemplary thickness ranges include about 0.01 um or more 
and about 10 um or less, about 0.05 um or more and about 
5 um or less, and/or about 0.1 um or more and about 1 um 
or less. 
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The organic layer 108 and the passive layer 106 are 

collectively referred to as a Selectively conductive media or 
Selectively conductive layer. The conductive properties of 
this media (e.g., conductive, non-conductive, semi-conduc 
tive) can be modified in a controlled manner by applying 
various Voltages acroSS the media via the electrodes 104 and 
110. 
The organic layer 108 is comprised of a conjugated 

organic material, Such as a Small organic molecule and a 
conjugated polymer. If the organic layer is polymer, a 
polymer backbone of the conjugated organic polymer may 
extend lengthwise between the electrodes 104 and 110 (e.g., 
generally Substantially perpendicular to the inner, facing 
surfaces of the electrodes 104 and 110). The conjugated 
organic molecule can be linear or branched Such that the 
backbone retains its conjugated nature. Such conjugated 
molecules are characterized in that they have overlapping at 
orbitals and that they can assume two or more resonant 
Structures. The conjugated nature of the conjugated organic 
materials contributes to the controllably conductive proper 
ties of the Selectively conductive media. 

In this connection, the conjugated organic material has the 
ability to donate and accept charges (holes and/or electrons). 
Generally, the conjugated organic molecule has at least two 
relatively stable oxidation-reduction states. The two rela 
tively stable States permit the conjugated organic polymer to 
donate and accept charges and electrically interact with the 
conductivity facilitating compound. 
The organic material may be cyclic or acyclic. For Some 

cases, Such as organic polymers, the organic material Self 
assembles between the electrodes during formation or depo 
Sition. Examples of conjugated organic polymers include 
one or more of polyacetylene (cis or trans); polypheny 
lacetylene (cis or trans); polydiphenylacetylene; polyaniline; 
poly(p-phenylene Vinylene); polythiophene, polyporphy 
rins; porphyrinic macrocycles, thiol derivatized polyporphy 
rins; polymetallocenes Such as polyferrocenes, polyphtha 
locyanines, polyvinylenes, polyStiroles, and the like. 
Additionally, the properties of the organic material can be 
modified by doping with a Suitable dopant (e.g., Salt). A 
more detailed discussion of the composition of the organic 
layer 108 is described infra. 
The organic layer 108 has a suitable thickness that 

depends upon the chosen implementations and/or the 
memory device being fabricated. Some Suitable exemplary 
ranges of thickness for the organic polymer layer 108 are 
about 0.001 um or more and about 5 um or less, about 0.01 
tim or more and about 2.5 um or less, and about a thickness 
of about 0.05 um or more and about 1 um or less. 
The organic layer 108 can be formed via a number of 

Suitable techniques. One Suitable technique that can be 
utilized is a spin-on technique which involves depositing a 
mixture of the material and a Solvent, and then removing the 
Solvent from the Substrate/electrode. Another Suitable tech 
nique is chemical vapor deposition (CVD). CVD includes 
low pressure chemical vapor deposition (LPCVD), plasma 
enhanced chemical vapor deposition (PECVD), and high 
density chemical vapor deposition (HDCVD). It is not 
typically necessary to functionalize one or more ends of the 
organic molecule in order to attach it to an electrode/passive 
layer. Sometime it may have a chemical bond formed 
between the conjugated organic polymer and the passive 
layer 106. 
The passive layer 106 contains at least one conductivity 

facilitating compound that contributes to the controllably 
conductive properties of the Selectively conductive media. 
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The conductivity facilitating compound has the ability to 
donate and accept charges (holes and/or electrons). Gener 
ally, the conductivity facilitating compound has at least two 
relatively stable oxidation-reduction states. The two rela 
tively stable States permit the conductivity facilitating com 
pound to donate and accept charges and electrically interact 
with the organic layer 108. The particular conductivity 
facilitating compound employed is Selected So that the two 
relatively stable states match with the two relatively stable 
States of the conjugated organic molecule of the layer 108. 

The passive layer 106 is operative to transport charge 
from the first electrode 104 to the interface between the 
organic layer 108 and the passive layer 106. Additionally, 
the passive layer 106 facilitates charge carrier (e.g., elec 
trons or holes) injection into the organic layer 108 and 
increases the concentration of the charge carrier in the 
organic layer resulting in a modification of the conductivity 
of the organic layer 108. Furthermore, the passive layer 106 
can also store opposite charges in the passive layer 106 in 
order to balance the total charge of the device 100. 

The passive layer 106 can in Some instances act as a 
catalyst when forming the organic layer 108. In this con 
nection, the backbone of the conjugated organic molecule 
may initially form adjacent the passive layer 106, and grow 
or assemble away and Substantially perpendicular to the 
passive layer Surface. As a result, the backbones of the 
conjugated organic molecule may be Self aligned in a 
direction that traverses the two electrodes. 

Examples of conductivity facilitating compounds that 
may make up the passive layer 106 include one or more of 
copper Sulfide (CuS, CuS), copper oxide (CuO, Cu2O), 
manganese oxide (MnO), titanium dioxide (TiO), indium 
oxide (IO), Silver Sulfide (AgS, AgS), iron oxide (Fe-O.), 
and the like. The passive layer 106 may be grown using 
oxidation techniques, formed via gas phase reactions, or 
deposited between the electrodes. 

The passive layer 106 has a suitable thickness that can 
vary based on the implementation and/or memory device 
being fabricated. Some examples of Suitable thicknesses for 
the passive layer 106 are as follows: a thickness of about 2 
A or more and about 0.1 tim or less, a thickness of about 10 
A or more and about 0.01 tim or less, and a thickness of 
about 50 A or more and about 0.005 tim or less. 

In order to facilitate operation of the organic memory 
device, the organic layer 108 is generally thicker than the 
passive layer 106. In one aspect, the thickness of the organic 
layer is from about 0.1 to about 500 times greater than the 
thickness of the passive layer. It is appreciated that other 
Suitable ratioS can be employed in accordance with the 
present invention. 

The organic memory device, like conventional memory 
devices, can have two states, a conductive (low impedance 
or “on”) state or non-conductive (high impedance or “off”) 
State. However, unlike conventional memory devices, the 
organic memory device is able to have/maintain a plurality 
of States, in contrast to a conventional memory device that 
is limited to two states (e.g., off or on). The organic memory 
device can employ varying degrees of conductivity to iden 
tify additional States. For example, the organic memory 
device can have a low impedance State, Such as a very highly 
conductive State (very low impedance State), a highly con 
ductive state (low impedance State), a conductive State 
(medium level impedance State), and a non-conductive State 
(high impedance State) thereby enabling the storage of 
multiple bits of information in a single organic memory cell, 
Such as 2 or more bits of information or 4 or more bits of 
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8 
information (e.g., 4 States providing 2 bits of information, 8 
States providing 3 bits of information . . . ). 

During typical device operation, electrons flow from the 
second electrode 110 through the selectively conductive 
media to the first electrode 104 based on a voltage applied 
to the electrodes by the voltage source 102 if the organic 
layer is n-type conductor. Alternately, holes flow from the 
first electrode 104 to second electrode 110 if the organic 
layer 108 is p-type conductor, or both electrons and holes 
flow in the organic layer if it can be both n and p type with 
proper energy band match with 106 and 110. As such, 
current flows from the first electrode 104 to the second 
electrode 110 via the selectively conductive media. 

Switching the organic memory device to a particular State 
is referred to as programming or writing. Programming is 
accomplished by applying a particular voltage (e.g., 9 volts, 
2 volts, 1 Volts, ...) across the Selectively conductive media 
via the electrodes 104 and 110. The particular voltage, also 
referred to as a threshold Voltage, varies according to a 
respective desired State and is generally Substantially greater 
than Voltages employed during normal operation. Thus, 
there is typically a separate threshold Voltage that corre 
sponds to respective desired States (e.g., “off”, “on” . . . ). 
The threshold value varies depending upon a number of 
factors including the identity of the materials that constitute 
the organic memory device, the thickness of the various 
layers, and the like. The voltage supply 102 is controllably 
employed to apply the threshold Voltage in this aspect of the 
invention. However, other aspects of the invention can 
utilize other means to apply threshold Voltages. 

Generally speaking, the presence of an external Stimuli 
such as an applied electric field that exceeds a threshold 
value (“on” state) permits an applied voltage to write, read, 
or erase information into/from the organic memory cell; 
whereas the absence of the external Stimuli that exceeds a 
threshold value (“off” state) prevents an applied voltage to 
write or erase information into/from the organic memory 
cell. 
To read information from the organic memory device, a 

voltage or electric field (e.g., 2 volts, 1 volts, 0.5 volts) is 
applied via the Voltage Source 102. Then, an impedance 
measurement is performed which, therein determines which 
operating State the memory device is in (e.g., high imped 
ance, very low impedance, low impedance, medium imped 
ance, and the like). AS Stated Supra, the impedance relates to, 
for example, “on” (e.g., 1) or “off” (e.g., 0) for a dual State 
device or to “00”, “01”, “10”, or “11” for a quad state device. 
It is appreciated that other numbers of States can provide 
other binary interpretations. To erase information written 
into the organic memory device, a negative Voltage or a 
polarity opposite the polarity of the writing Signal that 
exceeds a threshold value is applied. 

FIG. 2 is a block diagram that depicts fabrication of a 
passive layer 200 in accordance with an aspect of the present 
invention. A Cu,S layer is formed by a gas phase reaction 
operation. A first layer 206 is formed that comprises Cu. A 
second layer 204 is formed on the first layer. The second 
layer comprises Cu,S (e.g., Cu2S, CuS or mixture thereof) 
and has a thickness of about 20 A or more. A third layer 202 
is formed on the second layer 204. The third layer 202 
contains CuO, and/or CuO and generally has a thickness of 
about 10 A or less. It is appreciated that alternate aspects of 
the invention can employ Suitable variations in composition 
and thickness and Still be in accordance with the present 
invention. 

FIG. 3 is a block diagram illustrating an organic layer 300 
formed by a chemical vapor deposition (CVD) process in 
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accordance with an aspect of the present invention. The 
organic layer 300 is formed via a gas phase reaction process. 
Typically, the organic layer 300 is formed in contact with a 
passive layer and an electrode. The organic layer 300 is 
comprised of polymer polydiphenylacetylene (DPA). This 
polymer layer, as shown in FIG. 3, is fabricated to be about 
65 A thick. 

Turning now to FIG. 4, a block diagram depicting another 
organic layer 400 formed from a CVD process in accordance 
with an aspect of the present invention is illustrated. Once 
again, the organic polymer layer 402 is formed via a gas 
phase reaction process. The organic polymer layer 402 is 
formed in contact with a passive layer and an electrode. The 
organic polymer layer 402 is comprised of polymer polyphe 
nylacetylene (PPA). Referring to FIG. 5, a block diagram of 
another organic layer 500 formed by Spin coating in accor 
dance with an aspect of the present invention is illustrated. 
The organic layer 500 is formed via a spin coating process, 
instead of a gas phase reaction process. The organic layer 
500 is formed in contact with a passive layer and an 
electrode. The organic layer 500 is comprised substantially 
of PPA and has a thickness of about 1000 A. 

Experimental results tend to show that organic layers 
formed via Spin coating yield a more reliable polymer layer 
than polymer layers formed via CVD. This may be due to the 
presence of oxygen and lack of control of heat generated by 
polymerization under CVD. It is appreciated that controlling 
heat and oxygen during polymerization for CVD processes 
can improve the resulting polymer layer. Additionally, 
organic layers created via CVD are generally thinner than 
those created with other methods. 

It is appreciated that various alternatives to and variations 
of the layers described in FIGS. 2-5 can be employed in 
accordance with the present invention. 
The passive layer (e.g., CuS) employed in organic 

memory devices play an important role. Its presence Sig 
nificantly improves the conductivity of the organic layer. 
This characteristic is at least partially a function of the 
following: charge carrier generated by CuS, build up of a 
charge depletion layer, charge carrier distribution in organic 
material, and memory loSS due to charge carrier redistribu 
tion after reversing electric field. The discussion infra 
describes and illustrates charge carrier concentration and 
models behavior of organic memory devices. 

In the following example, conductive polymer is used as 
organic material, and CuS is used as passive layer material. 
With respect to charge carrier generation, the copper in CuS 
is at its highest oxidation state Cu(II). It has relatively strong 
capability to gain electrons from a contacting polymer and 
yields the following equation: 

Cu(II)S+Polymer->Cu(DS+Polymer" (1) 

The consequence is that an intrinsic field is produced due to 
the charges accumulated on the interface between CuS and 
polymer. This is shown in FIG. 6, which is a graph depicting 
the effect of an intrinsic electric field on an interface between 
Cu(y)S and a polymer is provided. The oxidized polymer 
(Polymer") is the charge carrier when external field is 
applied. The conductivity of polymer is determined by its 
concentration and its mobility. 

(2) 

Where q is the charge of the carrier, p is carrier concen 
tration and u is the mobility. 

10 
Referring now to the charge depletion layer, employing a 

Similar concept as applied with respect to Semiconductors, a 
potential function can be expressed as: 

5 V(x)=qN(dx-x/2)/e (3) 

where N is the average concentration of charge carrier, e 
is the dielectric constant of the polymer, and d is the 
width of the charge depletion. N can be obtained by 
employing the following equation: 

1O 

| y (4) d = - - q N. 

15 

where V is the external field voltage applied. For forward 
Voltage, it is"- sign. For the reverse Voltage, it is "+" sign. 
The Voltage function of Eq. (3) can be approximated to 
simplify the derivation. 
With respect to charge carrier distribution, like p-doping 

of a Semiconductor, two processes typically take place in the 
electric field. This flux can be expressed as: 

where D is diffusion constant of the charge carrier, and E is 3O 
the electric field at X. 

If there is no current, the carrier distribution is: 

where p(0) is the concentration, V(0) is voltage at the 
interface respectively, and V=kT/q. 
When forward voltage is so large that the current flux Ja0, 

the analytical equation can be derived for Steady State flow 
with Some assumption for the Voltage distribution in the cell. 
Overall, under forward Voltage, the charge distribution p(x) 
is an increase function of X. When reverse Voltage is applied, 
V(x)>Vo, the charge concentration is a decrease function of 
X. 

The final characteristic, retention time, refers to the fact 
that a forward Voltage produces more charge carrier and the 
charge carrier accumulates more on the other end of the 
passive (CuS) layer (away from the organic polymer). 
However, this charge carrier concentration will be set back 
once the Voltage is removed, which includes two processes: 
charge carrier diffusion toward the CuS layer and charge 
carrier recombination on the interface. Fick's Law can 
describe the 1st process, charge carrier diffusion toward the 
CuS layer. 

40 

45 

50 

55 The charge carrier recombination can be described as fol 
lows: 

Cu(DS +Polymer"->Cu(II)S+Polymer (7) 

The retention time is the time required to redistribute the 
charge carrier to the original State. It is likely that the 
reaction rate is relatively faster than diffusion rate. There 
fore, the retention time can be Substantially determined by 
the diffusion process only. 
An exemplary memory cell is considered herein with 

respect to the equations 1-9 discussed Supra and illustrated 
in FIGS. 7-12. The exemplary cell is considered with 
parameters intrinsic Voltage V=0.02V, equilibrium constant 

60 
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K=2.17x10", concentration of CuS and Polymer at inter 
face (Polymerl=|CuS)=10/cm, polymer thickness 
d=5x10 cm (0.5um), and CuS thickness des=5x107 cm 
(0.005 um). Six typical cases are calculated to illustrate 
electrical operation of an organic memory device in accor 
dance with an aspect of the present invention. 

FIG. 7 depicts a graph 700 of charge carrier distribution 
701 of the exemplary memory cell as a function of distance 
from the CuS and organic polymer interface in accordance 
with an aspect of the invention. The charge carrier concen 
tration 701 is shown as being a decreasing function of 
distance (x) from the interface. This graph 700 assumes an 
external voltage V=0 and a current J=0. The charge carrier 
concentration 701 is derived utilizing Eq. 6 with a constant 
field assumption. However, the points shown are indepen 
dent of the constant field assumption. 

Turning now to FIG. 8, another graph 800 illustrating 
charge carrier distribution 801 for the exemplary organic 
memory cell is depicted in accordance with an aspect of the 
present invention. For this graph 800, parameters are set as 
follows: forward voltage=0.12V and current flux J-0. The 
CuS end has a higher voltage than the other end (organic 
polymer). This drives the charge carrier away from CuS 
layer and leads to charge carrier concentration that has an 
increase function of X. Even at lowest concentration p(0), it 
is not a Small value for this case (e.g., its value is 3.32x10/ 
cm for the case shown in FIG. 8). This explains why the 
polymer is a good conductor when forward Voltage is 
applied. Again, it is Eq. 6 with constant electric field model 
used for the plot. The points demonstrated are independent 
of constant electric field assumption. 

FIG. 9 depicts yet another graph 900 of charge carrier 
distribution 901 of the exemplary memory cell as a function 
of distance from the CuS and organic polymer interface in 
accordance with an aspect of the invention. For this graph, 
the parameters are set such that the reverse voltage=0.28V 
and the current J=0. With reversed voltage, the charge carrier 
is concentrated at the CuS polymer interface and drops 
quickly to Small concentration when it is away from the 
interface, which describes why the organic memory cell 
becomes non-conductive when high reversed Voltage 
applied. Again, Eq. 6 with constant electric field model is 
assumed for the plot. The points demonstrated are indepen 
dent of this assumption. 

Referring now to FIG. 10, another graph 1000 that depicts 
charge carrier distribution 1001 of the exemplary memory 
cell as a function of distance in accordance with an aspect of 
the present invention is provided. For this graph 1000, 
parameters are set as follows: forward voltage=0.52V and 
current flux Ja() (pj= 10/cm). When current flux Ja(), the 
charge carrier is still an increase function of X because the 
forward Voltage drives the charge carrier away from CuS 
interface. One important point is that the lowest concentra 
tion p(x) is at interface. 

FIG. 11 depicts yet another graph 1100 of charge carrier 
concentration at interface 1101 of the exemplary memory 
cell as function of forward voltage V. For this graph, the 
parameters are set Such that J-0 (p-10"/cm) and assumes 
a constant electric field model. This model assumes the 
electric field in the cell is constant. Therefore, the Voltage 
V(x) is described as a linear function. This model is appli 
cable when the diffusion constant of the polymer is small 
and there is constant electric resistance. With this model, the 
charge carrier concentration at interface is derived as func 
tion of Voltage. It is noted that po(V) tends to be constant 
after forward Voltage is large enough and the current is 
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12 
controlled by the charge carrier not charge injection at the 
interface. AS Such, p(0) can be rewritten as: 

1 (10) 
p(0) = 2 – KPolymer) + 

4dcas K. Polymerlo (CuS), (K. Polymer) + - d 

This Eq. 10 shows that limiting p(0) is an increase function 
of thickness ratio between CuS layer and polymer layer. 

FIG. 12 illustrates another graph 1200 that depicts charge 
carrier concentration at the interface 1201 of the exemplary 
memory cell as function of forward Voltage Vin accordance 
with an aspect of the present invention is provided. For this 
graph 1200, p(0) is a function of forward voltage, current J, 
which may or may not be >0, and a step potential function 
model. This model assumes the voltage V(x) function can be 
described by a step function. The model is applicable when 
the diffusion constant of the polymer is very large. There 
fore, the electric resistance in the cell is trivial. With this 
model, the charge carrier concentration at interface is 
derived as the function of voltage. It is noted that in FIG. 12 
that po(V) tends to be Zero after forward Voltage is large 
enough. When the charge carrier at the interface controls the 
current flux, this value is a function of Voltage. This Zero 
limit behavior is due to the interface boundary limit set by 
the reaction (1). Basically, the fast charge carrier transpor 
tation from the interface to the other end reaches the Supply 
limit. Thus, the limiting p(0) is also rewritten as: 

(11) 
1 

p(0) = 2 – KPolymer) + 

4dcas K. Polymer) (CuS), (K. Polymer) + - , , , V(0) - V V(0) - V d exp 
V, V, 

Again p(0) is an increase function of thickness ratio between 
CuS layer and polymer layer. 

Regarding the above discussion, it is important to note 
that the flux measured is determined by charge carrier drift 
when limiting flux is in the polymer. Under constant electric 
field assumption, the function to describe the charge carrier 
concentration is p(x).p=p(0) is met when the polymer 
determines limiting flux Since the lowest concentration in 
the cell is at the interface. This condition results in a constant 
p(x). This means the diffusion contribution to the flux in Eq. 
5 is Zero. Under Step potential assumption, another function 
is employed to describe the charge carrier concentration 
p(x). The initial charge carrier concentration p(0) has a 
relatively Substantially Smaller value than other regions. 
Therefore, J is still determined by p(0). Another point that is 
noted regards boundary conditions. Unlike Semiconductors, 
it is just applicable to the concentration at interface, not 
everywhere. This boundary condition limits the total amount 
of the charge carrier produced in the cell. 
The equations Supra (E.g. 1-7) and the FIGS. 9-12 

describe and model behavior of organic memory devices. 
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This model can be employed to explain measured data and 
can be for other passive layer materials aside from CuS. 
Additionally, the model can be used to think about how to 
improve retention and response time and to design the other 
devices Such as transistor. Further, the model can be 
employed to develop various threshold Voltages that Set 
conductivity levels (e.g., set States), read conductivity levels 
and erase the conductivity levels thus performing memory 
device operations of writing or programming, reading and 
erasing. 

FIG. 13 is a block diagram that illustrates an organic 
memory device in various States in accordance with an 
aspect of the present invention. The organic memory device 
is depicted in a first “off” state 1301, an “on” state 1302, and 
a second “off” state 1303. It is appreciated that memory 
devices formed in accordance with the present invention can 
have other states than those depicted in FIG. 13. At each of 
the depicted states 1301, 1302, 1303, the organic memory 
device comprises a top electrode 1304, a bottom electrode 
1306 and a selectively conductive layer 1308 comprising an 
organic layer (e.g., PPA) and at least one passive layer (e.g., 
CuS). 

In the first off state 1301, one or more positive charges 
1310 collectin the selectively conductive layer 1308 near the 
bottom electrode 1306. In the on state 1302, one or more 
positive charges 1310 are uniformly distributed thereby 
indicating an on state. In the second off state 1303, the 
positive charges 1310 collectin the selectively conductive 
layer 1308 near the top electrode 1304. 

FIG. 14 is a graph 1400 that illustrates I-V characteristics 
for the memory device 1300 described with respect to FIG. 
13. It can be seen that from state 1, which indicates “off”, the 
device can be modified to be in state 2, which indicates “on”, 
by applying a positive Voltage of 2V. Additionally, it can be 
Seen that whilst in State 1, the organic memory device has a 
high impedance and low conductance. Subsequently, the 
device 1300 can be modified to change from state 2 to state 
1 by application of a negative Voltage, therein causing a 
reverse current until the State 1 is obtained. 

Referring to FIG. 15, a three dimensional view of an 
organic memory device 1500 containing a plurality of 
organic memory cells in accordance with an aspect of the 
invention is shown. The organic memory device 1500 con 
tains a plurality of first electrodes 1502, a plurality of second 
electrodes 1504, and a plurality of memory cell layers 1506. 
Between the respective first and Second electrodes are the 
controllably conductive media (not shown). The plurality of 
first electrodes 1502 and the plurality of second electrodes 
1504 are shown in Substantially perpendicular orientation, 
although other orientations are possible. The three dimen 
Sional microelectronic organic memory device is capable of 
containing an extremely high number of memory cells 
thereby improving device density. Peripheral circuitry and 
devices are not shown for brevity. 

The organic memory cells/devices are useful in any 
device requiring memory. For example, the organic memory 
devices are useful in computers, appliances, industrial 
equipment, hand-held devices, telecommunications equip 
ment, medical equipment, research and development equip 
ment, transportation vehicles, radar/Satellite devices, and the 
like. Hand-held devices, and particularly hand-held elec 
tronic devices, achieve improvements in portability due to 
the Small size and light weight of the organic memory 
devices. Examples of hand-held devices include cellphones 
and other two way communication devices, personal data 
assistants, palm pilots, pagers, notebook computers, remote 
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controls, recorders (video and audio), radios, Small televi 
Sions and web viewers, cameras, and the like. 
The CMP process is now described in detail by referring 

to FIG. 16, a schematic illustration of a wafer 410 under 
going a CMP process in accordance with one or more 
aspects of the present invention is shown. The wafer 410 and 
photoresist 420 comprising uneven spots 422 move relative 
to a polishing pad 430 situated within a platen 440 via a 
wafer carrier 450 and spindle 460 to which the wafer 410 
and pad 430 are respectively operatively attached. A slurry 
dispenser 470 selectively provides slurry 480 to particular 
locations on the pad 430 and/or wafer 410 based, at least, in 
part, on measurements of Slurry distributions obtained from 
sensors 490 situated within the wafer 410. The CMP process 
can remove 100 A-500 A in some applications, or thousands 
of A in other applications. Such exemplary ranges are 
appropriate for T-tops or Silicon grass applications of the 
photoresist layer. The CMP processing as discussed herein 
may be Suitably tailored to remove any desired thickness of 
the photoresist layer (e.g. from 50 A to 10,000 A). 
The slurry 480 is applied with the capability to react with 

the photoresist 420 at the surface/subsurface range. The 
degree of reaction should not be great enough to cause rapid 
or measurable dissolution of the photoresist, but should 
modify chemical bonding in the resist Surface layer to 
facilitate Surface layer removal by applied mechanical 
StreSS. Numerous chemicals that attack photoresist may be 
effective, including base solutions (e.g. KOH or (CH) 
NOH). The rate and extent of reaction depends upon the 
base concentration. BaseS employed in the Slurry can 
include hydroxide compounds, Silicate compounds, carbon 
ate and bicarbonate compounds. By way of example, 
hydroxide compounds employed in the slurry can include 
alkali metal hydroxides, Such as, Sodium hydroxide and 
potassium hydroxide, alkaline earth metal hydroxides Such 
as calcium hydroxide and magnesium hydroxide, ammo 
nium hydroxides Such as ammonium hydroxide and quater 
nary alkyl ammonium hydroxides, phosphonium hydrox 
ides, and Sulfonium hydroxides Such as Sulfonium hydroxide 
and tertiary alkyl sulfonium hydroxide. Similarly, the sili 
cate compounds, carbonate and bicarbonate compounds that 
are employed in the Slurry can include alkali metal, alkaline 
earth metal, ammonium, phosphonium and Sulfonium sili 
cates, carbonates and bicarbonates. 
The CMP methodology may also be programmed with 

data and information regarding pad attributes and slurry 
properties, including for example the Slurry's concentration, 
formula, pH, particle Size and density. AS CMP progresses, 
the System may be updated to monitor and record the 
processing characteristics, Such as changes in: Slurry distri 
bution, polishing pad attributes, photoresist properties (e.g. 
thickness, planarity), pressure or motion information. 

Referring to FIG. 17, a portion of a wafer surface after the 
completion of a CMP process is illustrated. The micro 
scratches and surface irregularities 520 are formed on the 
polished wafer surface as a result of the CMP process. 
Generally, these irregularities can adversely affect the for 
mation of the memory cells, Since the memory cells require 
the passive layer to be typically flat and Substantially free 
from Surface irregularities. Nonetheless, Such micro-struc 
tures and Surface irregularities are generally present on the 
surface of the wafer after completion of the CMP process. 
By referring to FIG. 18(a) through 18(f), the post CMP 

Surface treatment of the wafer for Substantially removing the 
formed Surface irregularities and micro Scratches, according 
to one aspect of the present invention, will now be described. 
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FIG. 18(a) illustrates the surface of the wafer with various 
surface micro irregularities created thereupon after the CMP 
process. In one aspect according to the invention the wafer 
Surface, can be Subject to an oxidation process. Next, as 
illustrated in FIG. 18(b), portions of the surface 617 are 
being brought in to contact with an inorganic acid 625. The 
inorganic acid can be for example, an HS, HNOHPO, 
HCL, or the like. The inorganic acid 625 and the surface 617 
of the wafer then chemically react as to create various 
depressions 620 on the Surface of the wafer, as the inorganic 
acid eats into the Surface of the wafer. The properties 
associated with the chemical reaction (e.g. acid concentra 
tion, duration of exposure to the acid, and the like), can be 
controlled based on the desired characteristics of the depres 
Sions to be formed. In one aspect according to the present 
invention, the Surface of the wafer is an oxide layer over 
lying a copper (Cu) layer, with the chemical reaction form 
ing a trench like depression that extends in to the Cu layer. 

Referring now to FIG. 18(c), the formed depressions 620 
are being employed for growing a passive layer, (e.g. a CuS 
layer), for the memory cells that are Subsequently created 
thereupon. In one aspect according to the present invention 
HS is brought into contact with the surface of the depres 
Sion to facilitate creating the passive layer 623. The passive 
layer 623 thus formed has its rough surface crest 627 
protruding out of the depression and extending beyond the 
initial post CMP surface level, as depicted in FIG. 18(d). The 
passive multilayer will then be employed in forming the 
memory cells. 

Subsequently, and as illustrated in FIG. 18(e), the surface 
627 is brought in to contact with an organic acid 629. The 
acid 629 can be any of the organic acids such as; tartaric 
acid, ascorbic acid, Succinic acid, fumaric acid, formic acid, 
citric acid, oxalic acid, malic acid, propionic acid, pyruvic 
acid or the like. The resulting chemical reaction is controlled 
Such that the rough and jagged portions of the Surface 625 
is being eroded and etched away and a Smooth layer of 
passive material is being created. In one aspect according to 
the present invention, as illustrated in FIG. 18(f), the smooth 
Surface area 624 is flat and is being isotropically etched in 
all directions Simultaneously. 
A flow chart of the methodology according to another 

aspect of the invention is illustrated in FIG. 19. At 700, by 
employing a single or dual Damascene process a bit line is 
being formed on the surface of a wafer. This bit line can be 
comprised of a conductive material Such as, copper, alumi 
num, chromium, germanium, gold, magnesium, manganese, 
indium, iron, nickel, palladium, platinum, Silver, titanium, 
Zinc, alloys thereof, indium-tin oxide, polysilicon, doped 
amorphous Silicon, metal Suicides, and the like. Exemplary 
alloys that can be utilized for the conductive material 
include copper alloys, Hastelloy(F), Kovar(R), Invar, Monel(R), 
Inconel(R), brass, Stainless Steel, magnesium-silver alloy, and 
various other alloys. 

Next at 720 of FIG. 19, a passive layer is being formed on 
top of the bit line. The passive layer contains at least one 
conductivity facilitating compound that has the ability to 
donate and accept charges (holes and/or electrons). Gener 
ally, the conductivity facilitating compound has at least two 
relatively stable oxidation-reduction States which permit the 
conductivity facilitating compound to donate and accept 
charges. Examples of conductivity facilitating compounds 
that can be employed for the passive layer include one or 
more of the following: copper Sulfide (Cu2S, CuS), copper 
oxide (CuO, Cu2O), manganese oxide (MnO2), titanium 
dioxide (TiO2), indium oxide (IO), Silver Sulfide (AgS, 
AgS), iron oxide (Fe-O), and the like. 
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The passive layer may be grown using oxidation tech 

niques, formed via gas phase reactions, deposited between 
the electrodes. In one aspect according to the present inven 
tion the passive layer is being formed via an electroless 
process, which will be discussed in more detail in the 
paragraphs below by referring to FIG. 20. The passive layer 
is operative to transport charge from the first electrode to the 
interface between the organic layer and the passive layer. 
Additionally, the passive layer facilitates charge carrier (e.g., 
electrons or holes) injection into the organic layer and 
increases the concentration of the charge carrier in the 
organic layer resulting in a modification of the conductivity 
of the organic layer. Furthermore, the passive layer can also 
Store opposite charges in itself in order to balance the total 
charge of the memory cell. The passive layer can, in Some 
instances, act as a catalyst when forming the organic layer. 
In this connection, the backbone of the conjugated organic 
molecule may initially form adjacent the passive layer, and 
grow or assemble away and Substantially perpendicular to 
the passive layer Surface. As a result, the backbones of the 
conjugated organic molecule may be self aligned in a 
direction that traverses the two electrodes. 

Subsequently at 740 of FIG. 19, a CMP process is carried 
out on the passive layer. This may create a Series of micro 
Scratches and Surface irregularities on the Surface of the 
passive layer that, if untreated, may adversely affect the 
formation of the organic layer of the memory cell. Accord 
ingly, to address this problem at 760 the post CMP surface 
of the passive layer is exposed to an inorganic acid, which 
as explained before can be any of an HS, HNOHPO, 
HCL, or the like. The exposure of the post CMP Surface with 
the inorganic acid initiates a chemical reaction that results in 
Voids or Surface depressions being created in the Surface of 
the wafer. 

Referring now to 780 of FIG. 19, the created voids are 
employed to grow a passive layer inside. This can be 
accomplished by initially exposing the Surface of wafer, 
which shapes the void, to an HS solution, or the like which 
facilitates the growth of the passive layer. In one aspect 
according to the present invention the passive layer is 
formed via an electroleSS plating process. The process 
includes depositing an activation compound on Selected 
areas and then applying a chemical Solution, which contains 
a reducing agent and metal ions. Thus, a chemical reaction 
occurs reducing the metal ions and thereby plating the metal 
ions and forming a conductive layer. 

Next, at 790 of FIG. 19, the grown passive layer is 
brought into contact with an organic acid as to create a 
Smooth Surface for the passive layer. AS explained earlier, 
the organic acid can be a tartaric acid, ascorbic acid, Succinic 
acid, fumaric acid, formic acid, citric acid, oxalic acid, malic 
acid, propionic acid, pyruvic acid or the like. This etching 
process can be continuously monitored as to control the etch 
depth and thus obtain a Smooth Surface. Also, in-situ optical 
techniques Such as ellipSometry and reflectometry can be 
used to control the etching process and requisite adjustments 
be made in the temperature of the etchant or the chemical 
Strength or concentration of the etch Solution. 

According to one aspect of the present invention a 
Cu/CuS layer in the voids is being formed via an electro 
leSS process. This proceSS occurs by chemical reaction from 
an aqueous metal Salt Solution also containing a reducing 
agent. This metal deposition is operative to be performed at 
about 35-75 C. Unlike electroplating processes, no external 
power Supply is required. A wafer containing the Voids 
formed thereupon after being eXposed to the inorganic acid 
is placed in contact with the Solution. Metal ions and a 



US 6,982,188 B1 
17 

reducing agent react on a catalytic Surface (e.g., activation 
compound) that has previously been deposited. Thus, pas 
Sive layer as well as any other required electrode can be 
formed in Selected and electrically isolated areas at the same 
time, which is not generally possible with other techniques 
Such as electroplating. Further, the Cu/Cu2S layer S can be 
formed within trenches or Vias by utilizing the electroleSS 
metal deposition process. Examples of the chemical elec 
trolytes employed include CuSO, ZnSO and the like. 

Turning now to FIG. 20, a block diagram of a system 800 
for electroplating in accordance with an aspect of the present 
invention is depicted. The System includes an electroleSS 
controller 802, a process tool 804 and the wafer 806 to be 
electroplated in certain areas. The wafer 806 has memory 
device(s) 808 being fabricated on/in it. Specifically, the 
system 800 is operative to form a passive layer in the surface 
voids of the wafer, as part of the memory device 808 by 
utilizing an electroleSS process. The electroleSS proceSS is a 
metal plating process that does not require or utilize a power 
Source and/or electricity in order to plate metal. 

The electroless controller 802 is operative to interface 
with the process tool 804 so as to controllably perform the 
formation of the passive layer and electrode fabrication 
process. The controller 802 determines and controls a num 
ber of test parameters for the fabrication proceSS Such as 
activation compound, metal ions, thickness of the passive 
layer and/or other electrodes, duration of process, the PH 
level of the process, temperature and the like. These test 
parameters are Selected and/or determined to meet design 
and/or process goals for the electrode fabrication proceSS for 
this memory device. Simulations, modeling, neural net 
works, Bayesian networks, Bayesian belief networks and 
other mechanisms can be employed to determine the test 
parameters. It is appreciated that the electrode fabrication 
process, as well as the formation of the passive layer, is 
typically one of many fabrication processes required for the 
memory device 808. The electroless controller 802 can be 
implemented on a computer and/or as a computer compo 
nent. 

Although not so illustrated, the electroless controller 802 
is able to receive and process feedback and feed forward 
information during the electrode fabrication process. While 
the test parameter techniques discussed earlier are generally 
Sufficient, real world results can vary. Thus, based on the 
feedback information, the electroless controller 802 is able 
to dynamically modify the test parameters to more closely 
obtain desired Cu/CuS layer dimensions whilst mitigating 
damage and/or decomposition to existing Structures on the 
memory device. 
As stated earlier, the process tool 804 is controlled by the 

electroless controller 802 and performed the desired process 
on the memory device 808. The process tool 804 is the 
System component that physically and controllably performs 
fabrication process (e.g., by dispensing resist, patterning, 
rotating a wafer, etching and the like) according to test 
parameters. The process tool 804 controllably and selec 
tively deposits the activation compound, which can also be 
referred to as a seed layer. Additionally, the process tool 804 
initiates and controls flow of the chemical Solution of a 
reducing agent and metal ions. In addition to controlling the 
fabrication process, the process tool 804 also includes com 
ponents and/or devices that gather fabrication information 
during fabrication (e.g., in situ) and/or after fabrication (e.g., 
inspection). This fabrication information can include, for 
example, critical dimensions (e.g., in X and y directions, 
width and pitch (2D and 3D), temperature, pressure, overlay, 
defect and the like). Pitch measurements are measurements 
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between substantially equivalent features. Width measure 
ments are measurements of a Single feature. Typically, 
devices Such as Scanning electron microscopes (SEM) and 
optical microScopy are utilized to obtain the measurements. 

Referring once again to the electroless controller 804, the 
Cu/Cu2S layer and/or any other electrode fabrication process 
is generally initiated by first Selectively depositing an acti 
Vation compound or Seed layer. This activation compound is 
deposited in those locations of the wafer 806 wherein a 
Cu/Cu2S layer is desired, i.e. within the created Voids. 
A Suitable activation compound, Such as SnPd, is 

employed that typically acts as a catalyst for the desired 
reaction. Then, the chemical Solution comprising a reducing 
agent and metalions is applied to the wafer 806 by a suitable 
mechanism. One Such mechanism is to immerse the wafer 
806 in a bath of the chemical Solution. The metal ions can 
be nickel, cobalt, chromium, Silver, copper, and the like in 
order to form an electrode comprised of nickel, cobalt, 
chromium, Silver, copper, other Suitable materials, and/or 
alloys thereof. Additionally, alloys with copper and alloys 
with phosphor and boron can also be formed and employed. 
The Cu/CuS layer(s) are then formed by an electroless 

reaction which includes two partial reactions, oxidation and 
reduction. The reduction causes the metalions to form on the 
Surface of the wafer 806 at the locations where the activation 
compound has been deposited. This electroless reaction 
occurs at relatively low temperatures of about 35-75 C. As 
Such, the passive layer, e.g. the Cu/CuS layer(s) is thus 
within the Voids and Surface depressions according to one 
aspect of the invention. 

Although the invention has been shown and described 
with respect to certain illustrated aspects, it will be appre 
ciated that equivalent alterations and modifications will 
occur to otherS Skilled in the art upon the reading and 
understanding of this specification and the annexed draw 
ings. In particular in regard to the various acts performed 
according to one or more aspects of the invention, it is 
appreciated that an act may be comprised of various Sub-acts 
and, while a particular feature of the invention may have 
been disclosed with respect to only one of Several imple 
mentations, Such feature may be combined with one or more 
other features of the other implementations as may be 
desired and advantageous for any given or particular appli 
cation. Thus, the Spirit and Scope of the appended claims 
should not be limited to the descriptions of the versions 
contained herein. 

What is claimed is: 
1. A method for fabricating an organic memory cell 

comprising: 
forming a Substrate layer having a Surface that acts as a 

base for an organic memory cell to be created there 
upon, 

performing a chemical mechanical planarization (CMP) 
process on the Surface; 

exposing the Surface that has undergone chemical 
mechanical planarization to an inorganic acid for shap 
ing a Surface depression thereupon; 

growing a passive layer within the Surface depression; and 
applying an organic acid to a Surface of the grown passive 

layer, Such that a Substantially Smooth Surface texture is 
obtained. 

2. The method of claim 1, further comprising; 
forming a dielectric layer over the passive layer; 
forming a layer of organic material over the passive layer; 

and 
forming a Second layer on the organic material. 
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3. The method of claim 1, further comprising: 
plating the passive layer by an electroleSS process. 
4. The method of claim 3, further comprising: 
controlling the plating process by a controller. 
5. The method of claim 1, further comprising: 
etching a Surface protrusion of the passive layer to a level 

of the Surface that has undergone chemical mechanical 
planarization. 

6. The method according of claim 1, further comprising: 
exposing the Surface that has undergone chemical 

mechanical planarization to the inorganic acid in Sev 
eral cycles, and 

applying the organic acid in Several cycles. 
7. A method for removing Surface irregularities from an 

electrode layer of an organic memory cell comprising: 
forming an electrode layer having an electrode Surface; 
creating a Void on the electrode Surface; 
growing a passive layer within the Void; 
extending a crest Surface of the passive layer above the 

electrode Surface; and 
leveling off the crest Surface to a desired level. 
8. The method according to claim 7, the electrode surface 

being a flat Surface. 
9. A method for planarizing a CMP processed wafer 

Surface comprising: 
providing a CMP processed wafer having an initial Sur 

face with micro Scratches, 
exposing the initial Surface to an inorganic acid for 

shaping a void thereupon; 
growing a passive layer within the Void, Such that a 

surface of the passive layer forms a protrusion out of 
the Void, extending beyond the initial Surface; and 

exposing the passive layer to an organic acid. 
10. The method of claim 9, further comprising: 
Selectively depositing an activation compound over the 

void; 
applying a chemical Solution to the activation compound 

as to initiate an electroless reaction, the chemical 
Solution comprising metal ions as well as a reducing 
agent, and 

reducing one or more metal ions of the chemical Solution 
as to plate the passive layer within the Void. 
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11. The method of claim 9, further comprising: 
growing a CuS, or a CuS or a Cu layer. 
12. The method of claim 10, further comprising: 
employing at least one of a CuSO and a ZnSO in the 

chemical Solution. 
13. The method of claim 10, further comprising: 
controlling the growing of the passive layer within the 

void. 
14. The method of claim 10, further comprising: 
depositing SnPd as the activation compound. 
15. A method for fabricating a memory cell comprising: 
forming a Substrate layer having a Surface that acts as a 

base for a memory cell to be created thereupon; 
performing a CMP proceSS on the Surface; 
exposing the Surface that has undergone chemical 

mechanical planarization to an inorganic acid for shap 
ing a Surface depression thereupon; 

growing a passive layer within the Surface depression; 
applying an organic acid to a Surface of the grown passive 

layer, Such that a Substantially Smooth Surface texture is 
obtained; 

fabricating an organic memory device having a first layer 
and a Second layer comprising the passive layer and an 
organic layer formed therein, the Second layer placed 
Over the first layer; and, 

forming a conductive layer over the organic layer, the 
conductive layer operative with the first layer to acti 
Vate a memory portion formed in the organic layer. 

16. The method of claim 15 further comprising, applying 
an organic acid to the Surface of the grown passive layer, as 
to flatten the Surface. 

17. The method of claim 15 further comprising fabricating 
the first layer from at least one of a conductive and a 
Semiconductive material. 

18. The method of claim 15, further comprising fabricat 
ing the passive layer via a Cu/Cu2S formation. 

19. The method of claim 15, further comprising fabricat 
ing the organic memory cell Such that the Second layer is in 
contact with the first layer. 

20. The method of claim 15, further comprising fabricat 
ing the organic memory cell Such the organic layer in contact 
with the conductive layer. 
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